Pruning to refine synaptic networks is a common feature of neural circuit development. New work has shown that, in the Drosophila brain, the steroid hormone ecdysone signals neurons to recruit active glial engulfment and phagocytosis for developmentappropriate axonal pruning.
Drosophila larva to form dorsal and medial branches, but that these branches are rapidly pruned during the first 18 hours following puparium formation. The γ γ axon eventually regrows into an adult-specific unbranched architecture. It was previously shown that pruning of the mushroom body γ γ neuron is caused by local axonal degeneration, mediated by intrinsic activity of the ubiquitin-proteasome system [2] . During this developmental program, a population of glial cells actively invade the mushroom body lobes coincident with the ecdysone trigger. These glial cells engulf axonal varicosities prior to their degeneration and accumulate acidic degradative organelles at the time of axonal pruning.
Watts et al. [6] refined and extended the light microscopic observations in a particularly beautiful ultrastructural study, using the clonal technique known as 'mosaic analysis with a repressible cell marker' (MARCM), developed by Liquin Luo's group [7] . For this, they used transgenic flies expressing a fusion protein consisting of the transmembrane CD2 linked to horse radish peroxidase; in these flies, an electrondense signal is generated only in targeted cells [8] . Electron microscopic observations on these flies showed that the degradative organelles accumulating in glia contain fragments of the degenerating γ γ neuronal axons. These organelles include multivesicular bodies at early time points and, later, multilamellar bodies, both intermediates in the endosomal-lysosomal degradation pathway [9, 10] . Thus, glia invade the mushroom body and consume the degenerating γ γ axons.
There are two obvious possible roles for glia in this pruning process: they could be passive phagocyte scavengers which clean up the debris of intrinsic axonal degeneration; or they could be active phagocytes which engulf the axon and provide an extrinsic mechanism for direct ingestion/pruning. Earlier studies suggested that mushroom body γ γ axons degenerate wholly from intrinsic mechanisms, and that glia are restricted to a passive scavenger role [11] . The new results argue against this passive function. This conclusion comes initially from a fine reconstruction of the developmental program. First, glia clearly infiltrate the intact mushroom body soon after the onset of metamorphosis, and before the onset of any detectable degeneration. And second, the glia then engulf axonal varicosities -interpreted to be synaptic boutons-and engulf these structures before they disappear.
A strong argument for this timing comes from the appearance of 'hole-like structures' [5] lacking the MARCM clonal marker in the mushroom body, which are proposed to correspond to vestiges of disappeared varicosities. A problem with this interpretation is that these holes are often more than 5 µ µm in diameter, considerably larger than even the largest varicosity (~1.8 µ µm). These holes must therefore represent the loss of multiple varicosities [5] . Further work is needed to determine whether these varicosities are indeed synaptic boutons, and whether the observed 'holes' do in fact reflect spaces left by synapse elimination preceding axonal retraction. But such a scenario is certainly consistent with the progression of other developmental and neurodegenerative processes [12] . In any case, this description alone is not sufficient to infer mechanism, so the events of glial engulfment were next perturbed to investigate their functional significance.
To perturb glial function directly, Awasaki and Ito [5] targeted expression in glial cells of a temperaturesensitive mutant allele of shibire: at the restrictive temperature, the product of this allele interferes dominantly with dynamin function, disrupting proc-esses such as endocytosis and phagocytosis [13] . The technique is not ideal, as it involves rearing mutant animals at the restrictive temperature for prolonged periods (up to 18 hours), and was therefore limited to a relatively brief developmental window. Disrupting glial function in this manner resulted in abnormal glial morphology and prevented glial cell infiltration into the mushroom body [5] . The cause of this mobility block is unclear, as dynamin function would not necessarily be predicted to have a role in the generation of glial processes.
Nevertheless, this targeted transgenic approach effectively prevented glial engulfment of the γ γ neuron axons, allowing Awasaki and Ito [5] to ask whether glia play an active role in axonal pruning. The answer was clear: the loss of axonal varicosities and axonal pruning were both severely suppressed in the absence of glial engulfment. This result strongly suggests that the glia actively engulf, consume and remove axon branches, rather than playing a scavenging role following an intrinsic break-down mechanism. An important caveat to this conclusion is that animals with shibire-disrupted function in glia do not survive to adulthood, so it is not known whether a glia-independent mechanism would have kicked-in later to cause axonal pruning. From these results, we can clearly say that loss of glia function delays axonal pruning, but we cannot conclude that glia are ultimately necessary for axonal pruning.
The second genetic tool used by Awasaki and Ito [5] was targeted specifically to the neurons: a dominantnegative suppressor of the ecdysone receptor EcR-B1 [1] . Earlier work had shown that mutation of the ecdysone receptor prevents axonal pruning, and that transgenic replacement of the ecdysone receptor only in the neurons is sufficient to rescue the pruning defect [1] . The dominant-negative construct employed in the present study confirmed that the ecdysone receptor is required in neurons, but further showed that disrupting ecdysone receptor function in neurons also prevents infiltration and engulfment by glia [5] . Expression of the dominant-negative ecdysone receptor in neurons severely repressed the infiltration of glial cell processes into the mushroom body lobes, and these processes thus failed to engulf the axonal varicosities. The glia cells did display a slight morphological change -'thickening' -under these conditions, suggesting some level of glial cell activation, but there was then a specific block at the infiltration stage of glial process elongation and subsequent axonal engulfment.
This observation shows that glial activation is secondary to the ecdysone stimulation of mushroom body neurons. Thus, it must be concluded that neuron-glia signaling is required to recruit glia to the appropriate axonal segments for the selective pruning process. The nature of the presumed neuronal signal to glia remains entirely unknown. It remains possible that there is also a neuron-autonomous axon degradation mechanism which is independent of glia. Nevertheless, these data clearly indicate that neuron-glia signaling is important for the rapid elimination of unwanted axons.
Detection of ecdysone by EcR-B1-Ultraspiracle complexes in mushroom body γ γ neurons is presumed to generate a signal which induces glial cell activation and subsequent phagocytotic engulfment of axonal terminals. During cellular apoptosis, this process is initiated by the so-called 'eat-me' signals on the cell surface, including the presence of phosphatidylserine in the outer leaflet of the plasma membrane of the cell to be engulfed [14] . It is not clear whether there is any relationship between the engulfment mechanism for apoptotic cells and the process of axonal pruning. For example, it is not clear whether contact between glial and neuronal cells would make such a cell-surface marker sufficient, or whether a diffusible recruitment signal would also be required. Over-expression of apoptosis inhibitor genes such as DIAP1 or p35, or mutation of apoptosis activator genes such as reaper or grim, in the mushroom body γ γ neurons fails to alter the developmental axon pruning program [2] .
These results suggest that apoptosis and axonal degeneration are distinct processes, at least at the level of execution. On the other hand, the Draper protein, ortholog of the cell corpse engulfment protein Ced-1 of the nematode Caenorhabditis elegans [15] , does appear on the surface of glial cell processes infiltrating the Drosophila mushroom body [5] . Draper is thus a candidate component of the signal transduction machinery that initiates axonal engulfment during pruning. Unfortunately, this tantalizing possibility has not yet been tested and remains presently out of reach, owing to limitations in applying the MARCM clonal technique in Drosophila glia cells. In any case, it is clear that ecdysone receptors in the neural cell body initiate pathways that induce glia activation as well as cellautonomous aspects of the pruning process. Although the molecular machinery has not yet been identified, the former extrinsic pathway activates glial infiltration and engulfment. The latter intrinsic pathway might by itself induce axon pruning eventually but, without the glia activation pathway, rapid and development-appropriate axon pruning does not occur.
These new papers [5, 6] are the first to report experimental evidence for the importance of neuron-glia interaction, and the indispensable role of glia, during developmentally regulated axon pruning. The local axon degeneration mechanism in the Drosophila mushroom body has parallels to the degeneration in mammals of the distal ends of axotomized axons, referred to as Wallerian degeneration [16, 17] . For example, a similar axonal pruning process occurs in the mossy fiber pathway of the mouse hippocampus, albeit over a much longer time period (30 days) [18] . Comparable axonal pruning features are also observed in a number of inherited neurodegenerative disorders [12] . These events have in common the early disruption of the axonal microtubule cytoskeleton and involvement of the ubiquitin proteasome system [2, 17, 19] . Like the Drosophila mechanism, glial cells also appear to participate in Wallerian degeneration [20] , although it remains unclear whether they act as phagocytosis scavengers only or play the active role in axonal pruning documented here in the Drosophila mushroom body. Nevertheless, it is tempting to speculate, based on the similarities, a common active role for glial cells in the consumption of axon processes during normal development in these different systems, and in the range of neurodegenerative diseases that manifest selective axon loss. If this proves to be the case, then disruption of the glial phagocytosis mechanism might provide an attractive new target for intervention. The molecules required for the communication between degenerating axons and phagocytosing glia will be the next big prize.
